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Despite nearly 50 years of study, it is good to see
that phosphoinositides are still capable of spring-
ing the odd surprise. Signaling by the second mes-
senger phosphatidylinositol 3,4,5-trisphosphate
(PtdIns(3,4,5)P3) was thought to be absent in yeast,
but a recent paper now describes the presence of
PtdIns(3,4,5)P3 in Schizosaccharomyces pombe. 
Phosphatidylinositol 3,4,5-trisphosphate (PtdIns(3,4,5)P3)
was discovered as a lipid second messenger that accu-
mulates rapidly in mammalian cells in response to a
number of extracellular stimuli, including growth factors
and some heterotrimeric G-protein-coupled agonists
[1]. The canonical pathway of PtdIns(3,4,5)P3 synthesis
is via 3-OH phosphorylation of PtdIns(4,5)P2 by a class
I phosphoinositide 3-kinase (PI 3-kinase; Figure 1).
PtdIns(3,4,5)P3 functions as a second messenger by
interacting with the phosphoinositide-binding pleckstrin
homology (PH) domains of effector proteins and recruit-
ing them to cell membranes [1]. PH domains bind to a
range of phosphoinositides with differing specificities —
only a subset of these domains are specific for
PtdIns(3,4,5)P3 [2]. So even though there are 21 PH-
domain-containing proteins in Schizosaccharomyces
pombe, this does not provide evidence for the exis-
tence of PtdIns(3,4,5)P3 in this organism; in fact
PtdIns(3,4,5)P3 signaling was believed to be absent in
yeast. An interesting study [3], however, now reports the
presence of PtdIns(3,4,5)P3 in S. pombe, a finding that
has exciting implications for phosphoinositide signaling.
The rationale for the lack of PtdIns(3,4,5)P3 signaling
in S. pombe (or indeed other yeasts) was threefold.
Firstly, inspection of the complete S. pombe genome
revealed no orthologs of the class I PI 3-kinases. Sec-
ondly, and perhaps more compellingly, there were no
reports of PtdIns(3,4,5)P3 being detected in vivo in
S. pombe. Thirdly, the circumstantial evidence that the
cellular processes regulated by class I PI 3-kinases are
either absent in S. pombe (for example, chemotaxis [1])
or not relevant to S. pombe (for example, hormone-
stimulated glucose uptake [1]) seemed to negate the
requirement for class I PI 3-kinase signaling in this
organism. Thus, with neither an obvious route of syn-
thesis of PtdIns(3,4,5)P3, nor detectable levels of this
phosphoinositide, nor an obvious biological require-
ment for PtdIns(3,4,5)P3, the notion of PtdIns(3,4,5)P3
signaling in S. pombe looked most unlikely.
A class I PI 3-kinase-independent route of synthesis
of PtdIns(3,4,5)P3 is now apparent in mammals,
however. Incubation of PtdIns3P with a mammalian
type I phosphatidylinositol phosphate kinase (PIPkin),
which typically catalyses the conversion of PtdIns4P
to PtdIns(4,5)P2 (Figure 2), yields significant amounts
of PtdIns(3,5)P2 and PtdIns(3,4,5)P3 in vitro [4,5]. Over-
expression of type I PIPkin results in a significant
increase in PtdIns(3,4,5)P3 synthesis, most probably
via a class I PI 3-kinase-independent route, and this
PtdIns(3,4,5)P3 synthesis is stimulated by oxidative
stress [6] — a stimulus that would in fact be relevant
to S. pombe. Both type I PIPkins and class III PI 3-
kinases are found in S. pombe, and thus fission yeast
has the enzymatic complement to exploit this novel
pathway of PtdIns(3,4,5)P3 synthesis, even though
levels of PtdIns(3,4,5)P3 have so far evaded detection.
PI 3-kinase-mediated signals are switched off by
the hydrolysis of PtdIns(3,4,5)P3. One such enzyme
involved in this process is the tumor suppressor
protein PTEN, which hydrolyses the D-3 position of
PtdIns(3,4,5)P3 to yield PtdIns(4,5)P2 [7] (Figure 2). It
was the identification of a bona fide PTEN ortholog in
S. pombe, Ptn1p, that has ultimately led to the sur-
prising detection of PtdIns(3,4,5)P3 in fission yeast.
In vivo analysis of a ptn1∆ strain has revealed
detectable amounts of both PtdIns(3,4,5)P3 and
PtdIns(3,4)P2 [3]. This finding implies that Ptn1p is the
enzyme responsible for PtdIns(3,4,5)P3 hydrolysis
in vivo and that PtdIns(3,4,5)P3 is maintained at very
low levels in S. pombe. It also explains why
PtdIns(3,4,5)P3 has eluded detection until now. Use of
a strain lacking the class III PI 3-kinase Vps34p but
expressing a temperature-sensitive mutant of type I
PIPkin (its3-1 [8]) demonstrates that both of these
enzymes are required for PtdIns(3,4,5)P3 synthesis in
S. pombe [3]. Furthermore, the presence of
PtdIns(3,4)P2 but not PtdIns(3,5)P2 in a strain lacking
Ptn1p and the PtdIns3P 5-kinase Fab1p implies that
PtdIns(3,4,5)P3 is synthesized by Its3p via the sequen-
tial phosphorylation of PtdIns3P to PtdIns(3,4)P2 and
finally to PtdIns(3,4,5)P3 [3] (Figure 2). It is worth men-
tioning here that PtdIns(3,4)P2 is likely to be a signal-
ing molecule in its own right [1], and certainly merits
further investigation.
The final supporting evidence for PtdIns(3,4,5)P3 to
be an authentic signaling molecule in S. pombe would
be the existence of one or more effector molecules.
Two potential PH-domain-containing effectors have
been proposed for PtdIns(3,4,5)P3 in S. pombe: Ksg1p,
which is the S. pombe homolog of the 3-phosphoinosi-
tide-dependent kinase 1 PDK1 (the archetypal mam-
malian PtdIns(3,4,5)P3 effector); and SPAC 11E3.11C,
which is a homolog of the ARNO/cytohesin/Grp family
of exchange factors for the Arf small GTPases [3]. It will
be interesting to see if these proteins are genuine
PtdIns(3,4,5)P3 effectors, and to learn about the exact
function(s) of PtdIns(3,4,5)P3 in S. pombe.
So is PtdIns(3,4,5)P3 signaling present in Saccha-
romyces cerevisiae? Certainly, S. cerevisiae has the
requisite enzymes to synthesize PtdIns(3,4,5)P3 in the
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manner already described (Figure 2). Eagled-eyed
readers will also have noticed that the presence of
PtdIns(3,4)P2 in S. cerevisae has been described in
two papers [9,10], and this could be indicative of
PtdIns(3,4,5)P3 synthesis. Furthermore, overexpres-
sion of Mss4p, the S. cerevisiae type I PIPkin, causes
an increase in PtdIns(3,4)P2 levels in vivo, and in vitro
Mss4p is able to synthesize PtdIns(3,4)P2 from
PtdIns3P [9]; however, the presence of PtdIns(3,4,5)P3
in these assays was not investigated. The author of
this dispatch was of the opinion that production of
PtdIns(3,4)P2 in S. cerevisiae would not prove to be of
physiological relevance — but if S. pombe is anything
to go by, this is likely to be incorrect.
It is now clear that rather than being unique to
metazoa, PtdIns(3,4,5)P3 signaling is present in
S. pombe, probably also in S. cerevisiae, and may
indeed be universal to all eukaryotes. It is worth noting
again that the archetypal PtdIns(3,4,5)P3 effector,
PDK1, has homologs in both S. pombe and S. cere-
visae [11], and the S. pombe PDK1 homolog seems to
have a PtdIns(3,4,5)P3-binding specificity [3]. PDK1
and PtdIns(3,4,5)P3 are thus likely to represent a more
ancient signaling pathway than previously thought: it
seems that this pathway has been hijacked by
metazoa to allow signaling via class I PI 3-kinases.
So, what is the function of Vps34p/type I PIPkin-
generated PtdIns(3,4,5)P3 and/or PtdIns(3,4)P2? Syn-
thesis of PtdIns(3,4,5)P3 is probably not essential in
S. pombe, given that a vsp34∆ strain is viable [12]. At
the current time, the only functional relevance is sug-
gested by the phenotype displayed by a ptn1∆ strain
of S. pombe, which has enlarged vacuoles, implicat-
ing PtdIns(3,4,5)P3 in some aspect of vacuole function
[3]. The identification and analysis of authentic
PtdIns(3,4,5)P3 effector proteins will provide functional
insight into the role of PtdIns(3,4,5)P3 in yeasts. The
best candidates will be amongst the PH-domain-con-
taining proteins. A recent study of the specificity of the
PH domains of S. cerevisiae has been carried out,
although PtdIns(3,4,5)P3 binding was not assayed in
this study [13]. A thorough investigation of the PH-
domain-containing proteins of S. pombe and S. cere-
visiae with respect to PtdIns(3,4,5)P3 binding should
therefore be performed. It might also be possible to
engineer a type I PIPkin with wild-type activity toward
PtdIns4P, but with greatly reduced activity toward
PtdIns3P, thus preserving essential PtdIns(4,5)P2 pro-
duction while eliminating PtdIns(3,4,5)P3 production:
examining the effects of such a mutant could be
highly informative.
To conclude, Mitra et al. [3] have made a significant
contribution to our awareness of PtdIns(3,4,5)P3 sig-
naling, and this study should provoke a substantial
body of work. Will there be any more inositide-related
surprises? Do not bet against it.
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Figure 1. PtdIns(3,4,5)P3 synthesis
provokes recruitment of PH domain-
containing effector proteins.
PtdIns(3,4,5)P3 can be synthesised either
from PtdIns(4,5)P2 via the action of a
class I PI3K, or via the action of a type I
PIPkin on PtdIns3P. PtdIns(3,4)P2 appears
to be an intermediate of synthesis by this
later pathway, and is likely to be a second
messenger in its own right. PtdIns(3,4)P2
is also a metabolite of PtdIns(3,4,5)P3 via
the action of 5-OH phosphatases (not
shown), and may allow cells to modulate
their responses to PI 3-kinase-mediated
signals [1].
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Figure 2. Summary of PtdIns(3,4,5)P3 metabolism.
For clarity only those pathways discussed in the text are
shown: this is not a definitive diagram of all potential metabolic
reactions involving these compounds. The two routes of
PtdIns(3,4,5)P3 synthesis, and the enzymes that perform the
steps discussed in the text are shown. Mammalian enzymes
are shown in green, S. pombe in blue and S. cerevisiae in red.
It is clear from this diagram that in mammalian cells type I
PIPkins are on two separate metabolic pathways that lead to
PtdIns(3,4,5)P3 production. So far there are no data demon-
strating either that PtdIns(3,4,5)P3 is present in S. cerevisiae, or
that Mss4p can synthesize PtdIns(3,4,5)P3 from PtdIns(3,4)P2.
No authentic PTEN homolog has been described in S. cere-
visiae, hence the question mark. It will be interesting to estab-
lish in which cellular compartments type I PIPkin-dependent
PtdIns(3,4,5)P3 synthesis occurs.
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